We study counting monadic second-order logics (CMso) for unordered data trees. Our objective is to enhance this logic with data constraints for comparing string data values attached to sibling edges of a data tree. We show that CMso satisfiability becomes undecidable when adding data constraints between siblings that can check the equality of factors of data values. For more restricted data constraints that can only check the equality of prefixes, we show that it becomes decidable, and propose a related automaton model with good complexities. This restricted logic is relevant to applications such as checking wellformedness properties of semi-structured databases and file trees. Our decidability results are obtained by compilation of CMso to automata for unordered trees, where both are enhanced with data constraints in a novel manner.
Introduction
Logics and automata for unordered trees were studied in the last twenty years mostly for querying Xml documents [5, 14, 20] and more recently in the context of NoSql databases [2] . They were already studied earlier, for modeling syntactic structures in computational linguistics [16] and records in programming languages [11, 12, 17] . In our own work, we also find them relevant to the modeling and static verification of file trees, i.e. structures representing directories, files, their contents etcetera, and their transformations, i.e. programs or scripts moving, deleting, or creating files.
Using unordered trees means expressing and evaluating properties on sets -or multisets -of elements, e.g. the data values of the children at the current position. Naturally, this amounts to counting: for instance in a file tree "there are at least 2 values that match *.txt" (where * matches any string), or in a bibliographical database "there are fewer values inproceedings than book". Where the existing approaches differ is in the expressive power available for that counting; for instance, is it possible to compare two variable quantities -as in the second example -or just one variable quantity and a constant -as in the first. In all cases, however, each element is considered alone, in isolation from its brothers. We previously studied the complexity of decision problems for automata using various such formalisms as guards for their bottom-up transitions in [3] . The focus was on devising good notions of deterministic machines capable of executing such counting operations, sufficiently expressive but allowing for efficient algorithms. Our present focus, in contrast, is to extend the expressive power of the counting formalisms, while preserving decidability. Since the bottom-up automaton's structure does not play a great role in that, and the yardsticks of expressive power for counting tests are logics, this paper mostly deals directly with second-order logics rather than automata.
Our main goal in this paper is to extend existing formalisms with the ability to express data constraints on unordered data trees, so that each data value may be considered not only in isolation, but also along with sibling values with which it is in relation. Such constraints arise naturally in various circumstances.
By way of example, consider a directory containing L A T E X resources, which may be represented by an edge-labeled tree in the style of Figure 1 , given in Json (JavaScript Object Notation) syntax, where each data value corresponds to a file name or, in the case of leaves, file contents. Suppose that we want to check whether the contents of a L A T E X repository have been properly compiled, which is to say that for every main L A T E X file -i.e. a file whose name has suffix ".tex", and whose contents begin with "\documentclass" -there exists a corresponding pdf file following the version 1.5 of the standard. To express this property, sibling data values -here representing files in the same directory -are put in relation by
Schematically, we express constraints of the form "any value d whose subtree satisfies some property P has a brother d = θ tex2pdf (d) whose subtree satisfies another property P ". We need to integrate that kind of data constraints in existing formalisms for unordered trees; the two yardsticks of expressive power that have emerged in the literature are the extensions of weak monadic second-order logic (Mso) by horizontal Presburger constraints [14] , and by the weaker, but more tractable,
